Abstract. This research was conducted at the Agriculture Research Station, Hada Al-Sham, K.A.U., to study the effects of different sowing ratios (proportions) of Alfalfa, (Medicago sativa.) -Rhodes grass (Chloris gayana) (100:0, 0:100, 50:50, 75:25, and 25:75, respectively) on green fodder yield and quality, to compare the yield and quality of alfalfa and Rhodes grass fodder, sown alone and in mixtures, and finally to determine the suitable mixture ratio of both under Makkah region ecological conditions.
Introduction
One of the main objectives of the national agricultural development in the Kingdom of Saudi Arabia is to reduce the importation of fodder grain, forage plants and animal products; perhaps, to sustain selfsufficient in both sectors. The costs of forage, fodder grain and concentrate feed importation have been increased during the last few years, because of the reduction in fodder or forage production in the Kingdom. The Kingdom of Saudi Arabia is characterized by a large number of livestock (camels, sheep, goats, cattle) which can be estimated to be about 3.5 million heads that are raised on poorly dry desert rangeland.
Generally, forage (fodder) crop production plays an important and effective role in agriculture economical development. The main and most traditional approach to livestock production in Saudi Arabia is grazing desert rangeland year-round, but mostly during a period of 3 to 4 months of better rangeland productivity. Eventhough, high-quality forage is available from the market (cultivated alfalfa hay) with the possibility of increasing prices during the period of low quantity rangeland forage as dry season begins, as well as, during the peak of livestock marketing time (during Ramadan, the two Eids and Al-Hajj).
Fodders are the most valuable and cheapest source of food for livestock having rich source of metabolizable energy, nutrient elements, carbohydrates and protein. With quality nutritional fodder, milk production can be increased up to 100% (Maurice et al., 1985) . Generally, good quality forage is high in protein and digestible nutrients, and low in fiber and lignin. Also, animal performance is a better indicator of forage quality.
Legume crops constitute a major group of crops in the world. They provide human food, animal feed and material for industrial uses. Their nutritional value as a source of protein has long been recognized. However, only recently legume crops have risen to prominence in the Kingdom of Saudi Arabia (Al-Tahir et al., 1989) .
In view of the global warming, increasing water shortage, deteriorating natural resources base and growing demand for alternative (fodder) forage resources of high quality to meet the (fodder) forage requirements of increasing livestock population among few other (fodder) forage plants, provide useful crop options. Alfalfa, (Medicago sativa. L) which means "best fodder" in the Arabic language, is also known as Lucerne in most of the world. It is called "queen of the forages" because it is a long-lived perennial legume and most animals prefer to eat alfalfa to all other types of fodder. Rhodes grass (Chloris gayana) is tufted perennial with runners, suited to subtropics, combines well with many legumes and is used as fodder crop for domestic animals. The forage yield and quality advantages of including alfalfa in a mixture with grasses species are well-known (Van Keuren and Matches, 1988) .
Pastures and fodder crops are the cheapest form of animal feed available (in term of quantity and quality). A constant supply of good quality forage in sufficient quantities is a basic necessity in livestock farming. The forage quality of cereal hay is generally lower than that required to meet production goals for many livestock classes, whereas legume-cereal mixtures are important protein and carbohydrate sources for livestock (Karadau, 2003) . Thomas, et al. (1984) conducted a field experiment, with sorghum alone (50 kg/ha) and intercropping with cowpea seed mixture (45+5, 40+10, 35+15 and 30+20 kg/ha) and concluded that increasing proportion of cowpea in mixture increased fresh fodder yield, ash and protein contents in dry matter but decreased dry matter content.
Mixed cropping especially with legumes can improve both forage quality and yield because legumes are good source of protein (Moreira, 1989; Toniolo et al., 1987; and Khandaker 1994) . High proportion of legumes is undesirable since these normally have a low dry matter contents and are susceptible to lodging (Gilliland and Johnston, 1992) . Growing of sorghum and maize in mixture with cowpeas and soybeans in 1:1 and 2:1 row proportions produced more fresh weight, dry weight and crude protein than their sole planting (Chellaiah and Ernest, 1994) . The growing of fodder crops in mixture with legumes enhanced fodder palatability and digestibility (Chaudhary and Hussain, 1985) . The relative proportion of the component crops in mixture is an important factor determining yield, quality and production efficiency of a cereal-legume mixture (Willey and Osiru, 1972) .
In general, mixtures gave higher green forage yields than the pure stands. The same has been reported by many other researchers (Osman and Nersoyan, 1985; Tukel et al., 1997; and Karadau, 2003) . In addition, Karadau (2003) reported that the average green forage yield obtained from the pure barley plots was not statistically different from the average green forage yields obtained from the mixtures (75% vetch + 25% barley and 50% vetch + 50% barley).
In experiments conducted with a wheat-hairy vetch mixture, Roberts, et al. (1989) obtained mean dry matter yields between 5.1 and 8.3 t ha -1 . However Karadau (2003) reported that the dry matter yields of the pure sowings and mixtures were significantly different (P < 0.01) in both years. The highest dry matter yield (9.04 t ha -1 ) was from the mixture containing 25% vetch and 75% barley, and the lowest yield (0.97 t ha -1 ) was from the pure vetch sowing. Rynolds, et al. (1982) , Osman and Nersoyan (1985) and Karadau (2003) , reported that mixtures gave higher yields than pure sowings. However, the average dry matter yield of pure barley was not statistically different from those of the mixtures (Karadau, 2003) . Rynolds, et al. (1982) , Tukel, et al. (1997) and Kukten and Tansõ (1999) indicated that the most suitable mixture for forage production was 25% legume and 75% cereal. Although Roberts, et al. (1989) and Tukel, et al. (1997) found similar results, Karadau (2003) indicated that, dry matter yields were higher, resulting in higher crude protein yield than in the above-mentioned experiments. Khot, et al. (1992) also reported higher dry matter yield in pure stand of maize, whereas the higher crude protein yields (0.78 t/ha) in pure stand of Crotalaria juncea.
The higher percentage of crude protein was recorded in cowpeas grown alone than that of the pure stand of maize (Ibrahim et al., 2006) . The lowest crude protein concentration was obtained from pure barley while the highest crude protein concentration was obtained from pure grasspea (Karadau, 2003) . Nonetheless, since the crude protein concentrations of legumes are higher than those of cereals, the crude protein concentrations of the mixtures increase as the legume rate increases in the mixture (Droushiotis, 1989; Roberts et al., 1989 and Tan and Serin, 1996) . Tukel et al. (1997) showed that the mean dry matter yields varied between 0.98 and 2.69 t ha -1 and crude protein yields were between 0.54 and 0.98t ha -1
. Tan and Serin (1996) reported that the average crude protein yield between 0.529 and 0.583t ha -1 with common vetch + barley mixtures under Erzurum conditions.
The seeding rates of companion or mixed crops ranged from 9kg ha -1 (Lanini et al., 1991) to 168 kgha-1 (Janson and Knight, 1973) in most companion crop studies. It was suggested that the companion crop should be sown at low density (Lanini et al., 1991) and to be harvested as a forage crop instead of a grain crop (Miller and Stritzke, 1995) . The major objective of this study was to determine the effects of different sowing rates of barley-alfalfa as a companion crop on the fodder yield and production, as well as, fodder quality under Makkah region ecological conditions. It was also intended to compare the yield and quality of Rhodes grass (Chloris gayana) fodder and alfalfa (Medicago sativa.) fodder, sown alone and in mixture with each other in different proportions, and to determine the suitable mixture rate of alfalfa legumes and Rhodes grass, as well as, improvement of the land use efficiency using the legume-grass mixture forage crop.
Materials and Methods
The experiment was laid out in a randomized complete block design with four replications. The alfalfa-rhodes grass mixture treatments and seed proportions of alfalfa and rhodes grass were 100:0, 0:100, 50:50, 75:25, and 25:75, respectively. Treatments of the mixture were conducted in form of row ratios as follows: T1 (100% alfalfa); all rows were planted with alfalfa, T2 (100% Rhodes grass); all rows were Rhodes grass, T3 (50% alfalfa + 50% rhodes grass); one row rhodes grass then one row alfalfa and so on with the same sequence, T4 (75% alfalfa + 25% Rhodes grass); 3 rows alfalfa then one row Rhodes grass and so on with the same sequence, and T5 (25% alfalfa + 75% Rhodes grass); one row alfalfa then 3 rows Rhodes grass and so on with the same sequence.
Seed rate for 100 percent Rhodes grass and alfalfa was 40 and 80kg per hectare, respectively. The fodder crop was sown in plots measuring 2 x 3meter on a well prepared seed bed in 20cm apart rows. NPK fertilizers with a rate of (100 kg/ha) were applied at sowing. Nitrogen fertilizers (50 kg/ha) was applied after six weeks from planting. All other cultural practices were kept normal and uniform for all treatments. Fodder plants were harvested after six weeks from planting and left for re-growth for other six weeks before last harvest. The following measurements were obtained for each harvest:
• Yield and quality parameters were measured as: green fodder yield (kg/ha), dry matter yield (t/ha), dry matter (%), crude protein (%), crude fiber (%) and ash (%).
• Growth characteristics were measured as: plant population (plants/m²), number of plants/2m row, plant height (cm), number of leaves/plant, and leaves weight (g), fresh and dry plant weight (g/plant) for each crop on 10 random plants/plot, as well as dry weight (%).
• Statistical design and analysis were done according to Steel and Torrie (2000) .
Results and Discussion
Data in Table 1 show that plant population in terms of number of plants per two meters row was influenced by different fodder crop sowing ratios of alfalfa and Rhodes grass. The highest number of plants per two meters row (238.9 plants/2m row) was recorded in the second cut, where alfalfa was sown alone. It was also recorded in the second cut, that rows in plots where ratio was 25:75 (alfalfa: Rhodes grass) obtained closely higher number of plants per two meters row (193.58 plants/2m row). This might be in agreement with Ibrahim, et al. (2006) , who reported that rates of 75:25 (maize: cowpea) gave maximum plant population. The lowest number of plants (139.33 plants/2 m rows) was recorded in plots of 50:50 ratio with a significant difference with plots where Rhodes grass was sown alone or Rhodes grass: alfalfa (75:25).
Plant heights (Table 1) were significantly affected by the fodder crop mixtures. The highest heights (85.5cm) and (87.25cm) for the two cuts were recorded when the Rhodes grass was sown alone, and the lowest heights (29.003cm and 32.34 cm) were recorded when alfalfa was sown alone. The plant height data in (Table 1) show that, when the ratio of alfalfa increases in the mixture, the plant height significantly decreases. This might be as a result of the growth formation of Rhodes grass and for the effects of competition for light. The plant height results can be relatively supported by other authors (Hong et al., 1987 and Ibrahim et al., 2006) .
Number of leaves per plant (Table 1) showed no significant differences among all sowing ratios in the second cut, except 50:50 ratio. However, in the first cut, there was higher significant differences between the two fodder crops (67.27 leaves/plant) when alfalfa or Rhodes grass were sown alone, and (25.62 leaves/plant) when Rhodes grass was sown alone. Among all sowing ratios, Rhodes grass sown alone gave the lowest number of leaves (20.8 leaves/plants) in the second cut.
Maximum number of leaves was obtained from the ratio of 100: 0 (alfalfa was sown alone in the first cut). It can be observed that increasing the ratio of alfalfa over Rhodes grass increased the number of leaves per plant.
Fresh and dry weights are presented in Table 2 . The maximum fresh weight per plant (17.16g/ plant) was recorded for Rhodes grass in the second cut when sown alone, followed by the same sowing ratio (11.94g/ plant) in the first cut. The ratio of 25 alfalfa: 75 Rhodes grass came second (11.93 and 10.21g/ plant) for 2 nd and 1 st cut respectively. The lowest fresh weights per plant (3.33 and 3.16g/plant) were recorded when alfalfa was sown alone from 2 nd and 1 st cuts respectively. As a result, the lowest value dry weights per plant were produced for 100% Rhodes grass ratio.
Leaves fresh and dry weights means (Table 2) showed high significant differences among the different sowing ratios in the two cuts. The lowest leaves fresh weights (1.08g and1.86g) were recorded for alfalfa that was sown alone, and the highest weights (4.47g and 5.56g) were recorded for Rhodes grass sown alone. However, the differences between the two ratio treatments were not significant.
As for leaves dry weight under the different sowing ratios, data presented in Table 2 revealed that the highest leaves dry weight were obtained under the 25% alfalfa: 75% Rhodes fodder (2.55 and 3.02 g) in the first and the second cuts, respectively, and 100% Rhodes fodder (2.78 and 2.91 g) in the two cuts respectively, while the 100% alfalfa produced the lowest dry weight in the two cuts.
Fresh green fodder yield /ha (Table 3) showed that the highest fresh yield /ha was produced from100% Rhodes fodder in the second and first cuts (1615.94 and 1045.04 kg respectively), while the lowest yields were produced under the 100% alfalfa in the first and the second cuts. The same trend was found for the dry green fodder yield /ha as shown in Table 3 . These results might be in agreement with the results of Khot, et al. (1992) and Ibrahim, et al. (2006) .
Crude protein content (%) of the dry fodder plants as an average of the two cuts (Table 3) revealed that the highest values were recorded from the 100% alfalfa (17.17%) and 75% alfalfa (16.94%), while the lowest value was obtained from plants of 100% Rhodes grass (8.11%). Crude fiber (%) was highest from 75 and 100% Rhodes grass (17.99 and 17.3 %), respectively. Alfalfa plants (100 and 75%) had the highest ash contents (10.36% and 10.87%, respectively), while the lowest value was produced from plants of 100% Rhodes grass (Table 3) .
The results of this study are in agreement with many researchers (Toniolo et al., 1987; Mohapatra and Pradhan, 1992; Ibrahim et al., 2006) , who reported that, introducing legume fodder plants with cereal plants or grasses, will increase protein contents.
Generally, mixing of legumes in cereal or grass fodder is a better way to increase the quality of cereal or grass fodder. That is because fodder quality of grassy hay is lower than that required to meet production goals for many livestock classes, whereas legume-cereal mixtures are important protein and carbohydrate sources for livestock (Karadau, 2003) .
Also, Thomas, et al., (1984) reported that increasing proportion of cowpea in mixture increased fresh fodder yield, ash and protein contents in dry matter, but decreased dry matter content. However, this was not the same according to the results of this experiment, where the increased proportion of grass to legume, increased green and dry matter yield and improved the quality of the fodder.
Regarding dry matter, increased grass proportion increased dry matter, and the results of this study were in agreement with those of Toniolo, et al. (1987) and Khandaker (1994) who reported that dry matter yields of maize sown alone were greater than soybean intercropping. Moreover, Chellaiah and Ernest (1994) concluded that growing sorghum and maize in mixture with cowpeas and soybeans in 1:1 and 2:1 row proportions produced more fresh weight, dry weight and crude protein than their sole planting.
Clearly, data obtained from this experiment showed low green fodder yield and low dry matter yield for all sowing ratio treatments. This might be caused by bad soil and weather conditions and low quality of irrigation water (increasing soil and water salinity and increasing temperature during the experiment). Also, the experiment was almost started at the end of the growing season, causing weak and slow growth for both crops.
In general, alfalfa -Rhodes grass in mix fodder, may not be the best combination at low distances spacing (20cm between rows). However, both crops may be grown separately to obtain higher fodder production, perhaps under better condition. Furthermore, the two fodder crops or at least the varieties selected may not be best suited under Hada Al-Sham conditions. Nonetheless, the results of this experiment suggest the best ratio for fodder mixture as Rhodes grass alone (0:100), 25:75 and 50:50 ratios to attain higher fodder yield of good qualities. 
